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INTRODUCTION
can directly affect her future employment. If this persistence is not controlled for, the impact of the current work limitation can be exaggerated. Third, some permanent unobservable factors can influence the labour market outcomes and the prevalence of work disability together. In that case, correlation between unobservables renders work limitation endogenous to employment and biases its effect on participation.
This paper investigates the effect of work limitations on labour force participation in the presence of persistence, unobserved heterogeneity and joint determination of participation and work limitation reporting. I focus on these issues for the Australian working age population using a comprehensive panel data source, the Household, Income and Labour Dynamics in Australia Survey (HILDA). The effect of disability on the probability of participation is analysed using a model that allows state dependence and unobserved heterogeneity. The correlation between unobserved heterogeneity that may shape participation and work limitation simultaneously is controlled by estimating the disability and participation equations jointly. The model includes a lag disability variable to analyse the direct effect of work limitation on future participation outcomes.
There is considerable international evidence on the adverse impact of work limitations on labour force behaviour (Stern (1989) , Burkhauser and Bound (1991) , Currie and Madrian (1999) , , Campolieti (2002) ) 1 . Recently, models that control for the persistence in employment also find strong association between work limitations and being out of work (Lindeboom and Kerkhofs (2002) , Gannon (2004) , Kapteyn et al (2007) ). Australian studies on the link of work disability and employment are scarce and existing work often relies on cross sectional evidence (Brazenor (2002 ), Wilkins (2004 ). One exception is Cai (2007) , who estimates a simultaneous panel data model to investigate the endogeneity of work limitation. The dynamic relationship of work limitation and work, however, has not been investigated for Australia.
This paper is organized as follows: section 2 presents the data and describes the dynamic association of work limitation and labour force participation in the sample,
There is also substantial literature against this 'evidence', pointing out to the problems due to endogeneity and measurement error. Bound and Burkhauser (1999) give an extensive survey of this literature 4 section 3 introduces the econometric models, section 4 discusses the results. Section 5 concludes.
DATA
The data used for this paper come from the first five waves of the Household, Income and Labour Dynamics in Australia (HILDA) Survey. Details of this survey are documented in Watson and Wooden (2002) . In the first wave, 7,683 households representing 66 percent of all in-scope households were interviewed, generating a sample of 15,127 persons who were 15 years old or older and eligible for interviews, of whom 13,969 were successfully interviewed. Subsequent interviews for later waves were conducted one year apart. In addition to the data collected through personal interviews, each person completing a personal interview was also given a selfcompletion questionnaire to be returned upon completion by mail or handed back to the interviewer at a subsequent visit to the household. The HILDA attrition rates for waves 2, 3 and 4 were 13.2 percent, 9.6 percent and 8.4 percent respectively, which is not much higher than other longitudinal surveys. In order to present the time variant nature of the work disability reports, I follow Kapteyn et al (2006) and present the patterns that work limitation is reported throughout the sample window, in Table 2 . In the first row, individuals who have never reported a work limitation during the five waves are represented. The last row represents respondents who have always reported a work limitation. The row that is labelled as "Consistent Onset" includes individuals who report work disability after every wave that they have initially reported a work limitation. All the remaining individuals in the sample are labelled as "Irregular". This sample consists of people who report no work limitation after reporting a work disability in the previous wave. According to Table 2,   7 71% of men and 73% of women sample never reports a work disability whereas about 8% of men and 5.5% of women always do. People who report irregular patterns of work limitation are a substantial portion of the sample. About 18% of men and women exhibit an irregular pattern of limitation. Given that a big majority of individuals who ever report a work disability do so irregularly, it is important to model the year-to-year changes in work limitation status 3 . Table 3 illustrates the association between work limitation and labour force participation patterns. The first column of Table 4 consists of individuals who never participated in the labour force during the period analysed. Respondents whose labour force status changes from one wave to the next are reported in the second column (labelled as Irregular). Individuals who exited the workforce permanently (at least during the five waves of HILDA) are labelled as "Consistent Exit" in the third column.
The last column of Table 4 shows individuals who were not participants during all five waves.
According to Table 3 , 80 % of the male sample was participating in the labour force during all five waves, compared to 56% of women. Women are more likely to exhibit irregular employment patterns than men and more likely to be out of employment (and not searching for it) during all of five waves. Finally, the effect of persistence in participation is demonstrated in Table 4 . Labour force participation rates conditional on participating in the last wave are reported along unconditional rates for comparison. Unconditional rates show strong negative association between work limitation reports and labour force activity. Only 52.2% of men and 44.4% of women that report a work limitation participate in the labour force.
The discrepancies between people with and without work limitations reduce considerably when past participation is controlled for. Among people who were participant in the last wave, 94.4% of men and 74.3% of women with a self-reported work limitation participate in the labour force compared to 98.2% of men and 92.7% of women who do not report a work limitation.
MODEL SPECIFICATION
The probability of labour force participation for individual i at wave t can be modelled by following dynamic probit model:
Where y it is a dummy variable that is equal to one when the individual is a labour force participant, x it is a kx1 vector of individual characteristic and D it is the work limitation dummy. Here, I allow a direct effect of past work disability by adding a lagged term (D it-1 ). In model (1), the unobserved heterogeneity i α is assumed to be distributed normally with mean zero and variance 2 α σ . The random disturbance term it ε is assumed to be distributed standard normal.
The presence of state dependence in the form of a lagged dependent variable y it-1 introduces what is called an "initial conditions problem" due to our lack of knowledge of the data generating process governing the initial participation outcome. In this paper, the approach by Heckman (1981) is used to address the initial condition problem where the initial participation choice is approximated by a linear reduced form equation;
Where x i1 contains information from the first wave and 1 i ε is the standard normally distributed error term. Heckman (1981) suggests that a cross sectional probit model as in (2) and the dynamic equation (1) 
Where is the normal cumulative density function (CDF), and This approach simply indicates that i x will be included in Equation (1) as an additional regressor.
A Two-Equation Dynamic Panel Data Model:
Equation (1) does not take into account unobserved individual characteristics that can simultaneously drive labour force participation and work limitation reporting.
Unobserved individual characteristics that make an individual more likely to be a nonparticipant may also make them more likely to report a work limitation. If a significant correlation exists between unobserved components of these two outcomes, the estimates of 1 δ and 2 δ will be biased due to endogeneity of the work limitation measures. One remedy is to model the correlation between unobserved heterogeneity in a two-equation setup.
The model that is presented below is a variant of the three equation model used in Kapteyn et. al (2006) . Unlike Kapteyn et al (2006) , I model the correlation between unobserved heterogeneity and exogenous variables as in Mundlak (1978) . Another difference is that my focus is on labour force participation of the entire working age population whereas Kapteyn et al (2006) analyse the joint effect of pain and disability on paid employment of older people in the U.S.
In this alternative model, the participation equation in (1) 
For the participation and work disability equations, the initial conditions are modelled as in Heckman (1981) . The initial condition equations include the same set of variables as their dynamic counterparts (1) and (4), excluding the lagged variables. The random effects in these equations satisfy the same distributional assumptions as ( ) 
Where 2 ( , ) φ α η is the bivariate normal density function of i α and i η .
To estimate the parameters of (1), (4), (6), (7) and the elements of Σ , (8) 14 The models' explanatory variables are a set of dummy variables indicating the report of a work limitation (both current and past), lagged labour force participation, level of education, marital and dependent children status, country of birth and location of residence. Additionally, the model is quadratic in age and includes the SF-36 physical conditioning index. Table 5 presents a brief definition of the variables. Table 6 presents the results from dynamic two-equation model 6 . I report estimated coefficients from the dynamic participation equation in segment A. Most of the control variables have the expected sign. Higher education and being in better physical condition increase the likelihood of participation for both samples. Men who reside in a major city are more likely to participate. For women, having been born in Australia is associated with higher participation, whereas having young children is associated with lower participation.
RESULTS
For both men and women the lagged participation variable is highly significant. People who are currently labour force participants are more likely to be in the labour force in the next period than individuals who are not currently in the labour force. After controlling for the persistence in the work decisions, the self-reported work limitation in the current period still significantly increases the probability of being out of labour force. The lagged disability is not significant in either of the samples. This does not mean that lagged disability has no effect on participation; the effect of past disability is 6 Results from initial level equations are available upon request 15 indirect and works through the lagged participation variable. Another interpretation is due to . According to regression results, there is no significant difference in participation rates between an individual who became work-limited in the current period and a comparable individual who has been work-limited for two periods.
This finding suggests that a deteriorating work capacity is not significantly worse than having a more permanent work limitation.
The results from the dynamic disability equation are presented in segment B of Table 6 .
The results show that disability reporting is highly persistent for both samples.
Reporting a work limitation in a given period substantially increases the probability of a work limitation being reported in the next period. This persistence is higher for women.
Only a few of the control variables are significant. For both men and women, poorer physical condition is associated with higher rates of work limitation reporting. Older men are more likely to report a work disability. Being born in Australia or being married increase the probability of limitation reporting. Women who reside in major cities are less likely to report a limitation. Having young children seems to be reducing the prevalence of work limitation for women; however this effect is statistically insignificant.
Segment C of Table 6 presents the estimated parameters of the Σ matrix. Men and women differ in terms of the role that unobserved heterogeneity plays. After controlling for persistence in employment, the unobserved effects do not significantly contribute to the participation decision for men. However, the random effects play an important role In order to demonstrate the impact of the correlation between random effects of the two outcomes, I estimate a single equation model of participation as in Equation (1). The results are presented in Table 7 . As expected, for men, coefficients of the single equation model are virtually identical to their two-equation counterparts. However, for women, disability estimates of the single equation are larger and highly significant compared to the two-equation estimates. This suggests that, for women, a significant portion of the adverse effect of work limitations is due to permanent unobservable heterogeneity that impact work and work limitation simultaneously. reduction in the probability of participation due to a current report of work limitation.
The effect of past limitation is also large, at about 5.5%. In the two-equation model, the drop in the participation probability due to a current report of a work limitation is 3.5%.
We do not observe a significant effect of a past work limitation in this model. The results suggest that there would be a substantial bias in the partial effects of work disability if a significant correlation between unobservables is ignored. The adverse effect of reporting work limitation in two consecutive waves is overestimated by 10%
in the single equation model.
CONCLUSION
In The results of this analysis have shown both a direct and indirect negative effect of selfreported work disability on labour force participation: being work-limited in the current period makes an individual less likely to participate in the labour force and being out of the work force makes an individual less likely to be a participant in the future. Since the partial effect of past participation is shown to be a much more important driver of current status than work limitation, an important implication of these results is that, regardless of how individuals became nonparticipants, it is difficult for them to get back into the labour force. Policies that aim at keeping disabled individuals in the work force one way or another, might address some of these problems. Note: see Table 7 .
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